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It is now well-known that thermal lensing (TL)1,2 induced by CW or pulsed
lasers can be used for spectroscopic study of weak transitions,3 for trace
analysis,4 for investigation of chemical kinetics4 and for nonlinear spec-
troscopy.’6 TL spectrometers employing single and dual (pump, probe)
beam methods have been reported. 3 The time dependence of the thermal
lensing signal is determined by the rate of thermalization of the deposited
energy, the velocity of sound in the material, and the rate of thermal
conduction. The rate of thermalization (with time constant x), may depend
on the lifetime of the excited state (population depletion), while the time
constant for dissipation of the thermal lens is given by tc w2pCp/4k,
where w is the laser beam diameter, p is the density of the material, and
Cp and k are the specific heat and thermal conductivity, respectively. The
thermalization time constant (’r) is typically short (microsecond time-
scale). 7’8 In contrast, tc is usually long, on the order of milliseconds.2
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In this communication, we wish to report on the use of synchronously
mode-locked picosecond lasers in a pump-probe configuration for TL spec-
troscopy. The peak power for these picosecond lasers is very high and, of
course, the fundamental of the dye laser (red beam) can be efficiently
(- 10%) doubled in frequency (U.V. beam) by second harmonic generation
in nonlinear crystals. We use this generated U.V. beam as a probe to
monitor the very weak absorption of the red beam. An arrangement4 of
the beams involving different waist positions for the pump and probe is
used. This arrangement results in an enhancement of sensitivity (at least
a factor of three to seven). Also, a different dependence of the signal on
the cell position compared to the single beam method is obtained. Finally,
we have obtained the A 5 CH-stretching overtone absorption spectrum
of liquid toluene with this method (see Figure 1). Suggestions are made
regarding new applications of this picosecond pulse thermal lensing tech-
nique.
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FIGURE Schematic of energy levels (upper) and experimental geometry (lower).
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A mode-locked argon ion laser (Spectra Physics 171) (frequency 82
MHz), which produces a 0.9 W pulse train at 5145/k with pulse widths
of ---100 ps, was used to pump a dye laser. The dye laser gain medium9
was 1:1 mixture of DCM and LD700 (1.2 M) dissolved in 25% benzyl
alcohol, 25% glycerol and 50% dimethyl sulfoxide. This dye laser operates
over the range of 705-770 nm and produces ---100 mW at the peak, with
an 8% output coupler. The dye laser had a pulse width of <10 ps. A 1.5
mm thick LilO3 crystal, cut for phase matching at 720 nm, was used to
frequency double the dye laser output. The beams were focused, in a
colinear geometry, into the cell with toluene using a 75mm focal length
lens. The fundamental power at the sample was 50 mW and U.V. power
was ---30-50 times lower. Heating of the sample due to absorption of the
U.V. beam was negligible.
Using a telescope to adjust the U.V. beam, separated from the red by
a dichroic mirror, allowed variation of the relative position of the beam
waists. The quartz cell (1 or 10 mm) filled with toluene was translated
along the beam axis. The intensity of the red or U.V. beam, transmitted
through a 1 mm diameter (q) diaphragm (placed ---120 mm from the red
beam waist position) was measured in the experiments on the cell position
dependence of the signal (Figure 1).
Figure 2a shows the observed dependence1 of the red beam intensity
on cell position for the single beam experiment with a 1 mm cell. The
shape of this curve is in good agreement with that predicted by theory.
The maximum signal (S Io I/Io) achieved in this experiment was
9.4%. In the double beam experiment, with mismatched focusing, the
intensity of the UV beam had a different dependence on the cell position.
In these experiments, the UV beam waist position occurs before the red
beam waist position. Thus, the cell position dependence of the transmitted
intensity shows no change in sign, Figure 2b. We find only a decrease in
the UV intensity as the cell approaches the red beam waist position, as
expected. The maximum signal for the dual beam experiment was 30% at
the red beam waist position, showing a much larger value than for the
single beam experiment. In fact, a "black-hole" appeared visible to the
naked eye on the UV beam!
For the long cell (l 10 mm) the position dependence of the red beam
intensity is more complicated than for the thin (1 mm) cell, Figure 3a. In
this case >> z where z "rrw2o/k (z 1 mm), the confocal length parameter.
Thus, the thermal lens cannot be considered as thin. This is probably why
there exists a "t)lateau" between the maximum and minimum. For the dual
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FIGURE 2 Observed cell position dependence of transmitted probe beam intensity for the
mm thick cell with toluene liquid, kexc. 715 nm. a) upper curve is with red beam only
and b) lower curve is for the dual beam method (red and UV beams) and the UV intensity
is plotted.
beam experiment with the thick cell the intensity follows roughly the same
dependence on cell position as for the thin cell, except for being broader,
close to the cell length. Again, the maximum signal for the thick cell for
the dual beam case is more than six times the signal in the single beam
case. With these results, we have demonstrated experimentally that an
increased signal (larger defocusing effect) results when a dual beam method
with mismatchedfocusing4 from a short focal length lens is used, relative
to the single beam case, for the thermal lensing. 11
Using the new dual beam configuration we have obtained the A 5
OH-stretching overtone spectrum of liquid toluene, Figure 4. This spectrum
agrees reasonably well with the spectrum measured with a conventional
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spectrophotometer and using a 10 cm path length. Thus, the picosecond
pulse thermal lensing spectrometer gives reasonable linear absorption spec-
tra, as is confirmed again by the absence of absorption by benzene-d6 in
this spectral region. In contrast with benzene-d6, the "black hole" was seen
in benzene-h6 (A 5), and toluene (A 6).
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photometer. (, with eor bs) scm obtained wi du-m picosecond the
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should mentioned that the ound 134 cm
-
exhibits cl scr in the gas
phase2; however, broadening of the bds in the liquid sults in ne coalescence, thus
giving the unusual bdsha. Also, the conditions under which the scmwas obtned
were f om optimum. However, the scm suffices for the ps of showing at we
dealing with line oveone absotion. sca agree with that obtned previously.a
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New applications of this method can be anticipated, such as the mea-
surement of nonlinear absorption (e.g., two-photon absorption) in liquids
and gases. These measurements should be successful because of the pos-
sibility of high peak power from picosecond pulses. Using these lasers
with the appropriate repetition rate and delays between the pump and probe
pulses, a means for monitoring the risetime of nonthermal transient lensing6
(e.g., plasma formation) should be obtained.
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